Protein engineering of xylose (glucose) isomerase from Actinoplanes missouriensis. 3. Changing metal specificity and the pH profile by site-directed mutagenesis.
Aldose-ketose isomerization by xylose isomerase requires bivalent cations such as Mg2+, Mn2+, or Co2+. The active site of the enzyme from Actinoplanes missouriensis contains two metal ions that are involved in substrate binding and in catalyzing a hydride shift between the C1 and C2 substrate atoms. Glu 186 is a conserved residue located near the active site but not in contact with the substrate and not with a metal ligand. The E186D and E186Q mutant enzymes were prepared. Both are active, and their metal specificity is different from that of the wild type. The E186Q enzyme is most active with Mn2+ and has a drastically shifted pH optimum. The X-ray analysis of E186Q was performed in the presence of xylose and either Mn2+ or Mg2+. The Mn2+ structure is essentially identical to that of the wild type. In the presence of Mg2+, the carboxylate group of residue Asp 255, which is part of metal site 2 and a metal ligand, turns toward Gln 186 and hydrogen bonds to its side-chain amide. Mg2+ is not bound at metal site 2, explaining the low activity of the mutant with this cation. Movements of Asp 255 also occur in the wild-type enzyme. We propose that they play a role in the O1 to O2 proton relay accompanying the hydride shift.